Abstract Introduction: Patients with diabetes mellitus exhibit a delay in the lesion repair process. The active components of Cenostigma macrophyllum may represent a viable alternative to facilitate the recovery of these lesions. The aim of this study was to evaluate the effects of emulsion oil-water Cenostigma macrophyllum in the repair process of lesions in rats with induced diabetes. Methods: 63 male rats (Wistar, 200-250 g body weight, 30-40 days old) were distributed into the following groups: control (C), diabetic (D) and diabetic treated with Cenostigma macrophyllum (P), subdivided based on the experimental times, days 7, 14 and 28, with 21 animals per main group. Diabetes mellitus (DM) was induced by administration of streptozotocin (50 mg/kg via penile vein and 12-h fasting) and confirmed at day 21 (glycemic index > 240 mg/dL). In the animals of group P, 0.5 ml of the oil-water emulsion obtained from the plant seed was used. The samples were removed and hemisectioned, and one portion was used for the quantitative histological analysis of collagen using Masson's trichrome staining, while another portion was analyzed by FT-Raman spectroscopy. Results: A higher percentage area of the volume of collagen fibers was observed for the experimental time Day 14 in group P compared with group D (p < 0.001). Regarding the ratio of areas of the amides I (1700-1600 cm -1 ) and III (1245-1345 cm -1 ), the groups D and P show the opposite behavior. Conclusion: Cenostigma macrophyllum accelerated the repair process in skin of diabetic ratsfor14 days.
Introduction
Diabetes mellitus is a disorder characterized by deficient insulin production associated with metabolic changes that delay cell proliferation and reduce granulation tissue formation and collagen metabolism, consequently impairing tissue repair (Esteves et al., 2008; Galkowska et al., 2006) . The number of people in the world with diabetes is increasing each year, particularly in the young population. This fact highlights the importance of the discovery of new drugs for the treatment of conditions associated with this disease such as skin wounds (Calcutt et al., 2009; Carvalho et al., 2010) .
According to Albertini et al. (2007) and Piva et al. (2011) , the process of skin wound healing involves a series of cellular events until the complete reorganization of collagen fibers is achieved. However, in diabetic patients skin wound healing is prolonged because of deficient angiogenesis and a reduction in the number of remodeling cells which compromise collagen matrix formation (Bernardi et al., 2012) .
Recent studies have evaluated medicinal plants for the treatment of diabetic wounds in an attempt to accelerate the healing process (Papanas and Maltezos, 2011; Ponrasu and Suguna, 2012; Wang and Que, 2011) . The results of these studies showed that the plants tested favored early wound closure as well as adequate organization of collagen fibers, the main molecules participating in this process (Zhang et al., 2011) .
The medicinal plant Cenostigma macrophyllum Tul. var. Acuminata Teles Freire (Caesalpiniaceae) contains chemical compounds that act on the formation of collagen fibers and have anti-inflammatory activity. These compounds include flavonoids, tocopherols, sterols and ß-carotene, which have been associated with the acceleration of diabetic wound healing . In addition, biflavones that exhibit healing and anti-inflammatory activity have been isolated from the leaf extracts of Cenostigma macrophyllum Tul. Sousa et al., 2007) . However, there are no studies investigating the effect of this plant on the healing of diabetic skin wounds in rats.
Raman spectroscopy is a noninvasive, real-time method that permits rapid characterization of tissue by detecting subtle changes in the molecular vibrational modes of samples. Studies using this technique are performed to identify the tissue and differentiate Volume 30, Número 1, p. 47-53, 2014 between normal and pathological spectra, according to the structure and chemical composition of the tissue (Kozielski et al., 2011) . The spectra are classified according to the main biochemical components of the tissue using statistical methods such as principal component analysis and linear discriminant analysis (Ebaid et al., 2011; Kozielski et al., 2011; Lieber et al., 2008) .
Within this context, the objective of the present study was to evaluate the efficacy of tissue repair in diabetic wounds treated with an oil-water emulsion of Cenostigma macrophyllum Tul.
Methods
The present study was conducted in accordance with Animal Testing Law No. 11,794/2008, at 
Experimental groups
The rats were randomly divided into three groups of 21 animals each before the induction of diabetes mellitus and identified according to treatment: control (C), diabetic (D), and diabetic treated with an oilwater emulsion of Cenostigma macrophyllum Tul. (P). Each group was divided into three subgroups of 7 animals each according to experimental time: 7 (A), 14 (B) and 28 (C) days. Diabetes was induced in animals of groups D and P (Ebaid et al., 2011) and was confirmed by blood glucose measurement with an Accu-Chek  glucose meter on day 21 after induction. Diabetes was defined as a blood glucose level > 240 mg/dl. Only animals of group P (PA, PB and PC) received an application of 0.5 ml of the oilwater emulsion of Cenostigma macrophyllum. These animals were treated from the day of confirmation of diabetes for different periods of time (7, 14 and 28 days). Animals of groups C and D did not receive any treatment.
Tissue injuries
All animals were anesthetized by intramuscular injection of 10% ketamine hydrochloride (0.1 ml/100g/kg) and 2% xylazine hydrochloride at the same dose (Martins et al., 2006) . Next, an area measuring 6 × 4 cm was shaved in the dorsolateral region of the animal and cleaned with 4% iodinated alcohol. A circular injury measuring 2.5 cm in diameter was then created in the center of this area with a metallic instrument equipped with a No. 4 blade until complete removal of the tissue. After surgery, the animals received prophylaxis consisting of deep intramuscular injection of a single dose (0.02 ml/ 100 g body weight) of broad-spectrum Pentabiótico (Fort Dodge  ). All procedures were performed in a quiet room with minimal manipulation to avoid stress to the animal.
Preparation of the oil-water emulsion of Cenostigma macrophyllum
The Cenostigma macrophyllum seeds collected were dried, hulled, ground, and subjected to hexane extraction at room temperature in the dark for 30 min under periodic stirring. The oil was obtained by filtering the hexane extract and concentration in a rotary evaporator at 45 °C under reduced pressure. The oil was stored in an amber bottle until use. Next, the procedures for preparation of the emulsion were performed, which need to be kept confidential since they are in the process of being patented.
Quantitative analysis of fibrillar collagen
For quantitative analysis of the volume occupied by collagen fibers in the newly formed tissue, skin fragments were removed from the animals, mounted on slides and stained with Masson's trichrome, which stains collagen fibers blue ( Figure 1A ). Images of the slide were acquired with a Nikon Eclipse E600  microscope (400X magnification) coupled to a Nikon DXM1200F  digital video camera. High-resolution digital images were captured by the Nikon software (ACT-1 version 2.62 2000  ) of a microcomputer coupled to the system. The images were transformed into monochromatic images, which changed blue into white areas and the other areas into black areas ( Figure 1B) .
The Image J program was used to calculate the following parameters: 1) reference area indicated by the dotted lines in Figure 1A (A R ), and 2) area of collagen fibers, i.e., the white area (A CF ). The area fraction occupied by a structure in a two-dimensional space corresponds to its volume fraction in a threedimensional space of the tissue where it is present. Thus, the percent volume of collagen fibers in the wound can be calculated using the following equation (Gundersen et al., 1988) :
Where A L is the final wound area (measured in the animal) and T is the wound thickness. The surgical wounds were created in a standard manner, i.e., at the same anatomical location on the animal's back and comprising the same area and depth for all animals. The maximum depth of the wound, which corresponds to its thickness, was the reticular dermis. However, slides containing wound areas that exceeded this depth were excluded from the analysis.
Five to ten randomly selected digital images of each histological section, which covered the entire length of the newly formed tissue, were used for this analysis. The results of the quantitative analysis of collagen were analyzed statistically by ANOVA followed by the Tukey test, adopting a 95% confidence interval and p < 0.05. Statistical analysis was performed using the GraphPad Prism 5.0 program.
FT-Raman spectroscopy
For this analysis, the animals were killed with an overdose of sodium pentobarbital (60 mg/kg) and tissue samples were removed, immediately labeled, transferred to cryogenic tubes (Nalgene  , 1.2 ml), and stored in liquid nitrogen (-196 °C) to preserve the tissue structures until the time of Raman spectroscopy. The samples were individually thawed at room temperature and stored in 0.9% saline to preserve structural characteristics of the tissue. Next, the samples were placed in a aluminum sample holder (1 cm in diameter) with a hole in the center (1.5 mm), covered with glass coverslips, and positioned in front of the exit of the laser beam. Spectra were collected through the objective lens.
The sample spectra were obtained with an RFS 100/S FT-Raman spectrometer (Bruker  , Germany) equipped with a Ge detector and Nd:YAG laser (1,064 nm wavelength) as the excitation light source and coupled to a computer with the OPUS software (version 4.2). A total of 600 scans were collected in the spectral range of 1,800-400 cm -1 at a spectral resolution of 4 cm -1 , laser power of 110 mW, and acquisition time of 15 min.
To subtract the effect of tissue fluorescence from the spectra, a baseline was generated with a Matlab routine using a fifth-order polynomial. An average spectrum was calculated for each sample by averaging three measurements at random points. All spectra were normalized by dividing the average spectrum by its largest value before statistical analysis. Principal component analysis was performed over the entire spectral range to reduce the size of the dataset. Five principal components (PC1, PC2, PC3, PC4 and PC5) were used for this analysis. The groups were separated by linear discriminant analysis and hierarchical cluster analysis using the Minitab  (14.20) software.
Results
Analysis of the percent volume fraction of collagen fibers in the wound area showed a significant difference between groups D and P after 7 days (p < 0.05). At 14 days, significantly greater collagen deposition was observed in group P when compared to group D (p < 0.001) (Figure 2 ). The PCs were calculated considering the variance of the Raman spectra in the spectral range from 1,800 to 400 cm -1 . Figure 3 shows the results of the LDA using a cross-validation method and the 5 PCs as a function of the experimental time of the treatment (Days 7, 14 and 28). For Day 14, there is a greater difference between the groups, leading to a separation of 92.9%. In this context, a more detailed spectral analysis was performed for this time point (Figure 3) . Figure 4 presents a dendrogram using groups C, D and P for the experimental time Day 14. Importantly, in this graph, groups C and P were mixed, indicating that the biochemical variations of both groups are indicates the mean and the shaded light gray area the standard deviation. The Raman spectra obtained for group C are typical of normal skin, showing lower half-height width. The spectra obtained for groups D and P have lower standard deviations compared to control, a finding indicating the presence of chemical changes in diabetic tissue.
The area ratios of amide I (1700-1600 cm -1 ) to amide III (1245-1345 cm -1 ) regions are shown in Figure 6 . As can be seen in the figure, groups P and D show an opposite behavior, with group P reaching a peak at 14 days, whereas group D presented a lower value than on day 7. The ratios obtained for the control group remained practically constant throughout the period studied. Albertini et al. (2007) , Carvalho et al. (2010) and Galkowska et al. (2006) reported significant results of different types of treatment for diabetic wound healing. A delay occurs in the proliferative phase in diabetic wounds, which results in inadequate collagen fiber formation due to tissue ischemia induced by chemical mediators of inflammation and inadequate neovascularization, contributing to deficient wound healing. In this respect, the quantitative analysis of similar. This similarity was also observed in the LDA, where 1 sample of group C was classified as group P, lowering the discrimination value. Figure 5 shows the plot of average spectra obtained for groups C, D and P at 14 days. The black line fibrillar collagen is important since calculation of the collagen volume fraction permits to infer on the progression of collagen fiber formation at different experimental times. Other studies also evaluated the phases of collagen formation during diabetic wound healing (Harinantenaina et al., 2006; Ponrasu and Suguna, 2012; Wang and Que, 2011) .
Discussion
In the present study, the effect of a delay in the proliferative phase during wound healing can be clearly seen in Figure 2 , in which the percent volume fraction of collagen fibers was practically constant in groups D7 and D14, but increased exponentially in group D28 indicating the third phase of the healing process (remodeling phase) that is characterized by increased formation and organization of collagen fibers.
The linear increase of collagen volume observed in groups P7, P14 and P28 clearly demonstrates the beneficial effect of application of Cenostigma macrophyllum Tul. on the wound healing process. Whereas the onset of the proliferative phase usually occurs late in diabetic rats (after 14 days), application of the emulsion induced collagen formation as early as on day 7 (P7). As a consequence, the collagen volume fraction was approximately 15% higher in specimens of group P28 when compared to group C28.
New drugs for the treatment of skin wounds in patients with diabetes mellitus are designed to accelerate wound healing, which is crucial for these patients. Recent studies have shown that medicinal plants favor neovascularization and the formation of collagen fibers during tissue repair (Honório-França et al., 2008; Zhang et al., 2011) . Cenostigma macrophyllum Tul. var. Acuminata Teles Freire is an arboreal species of the family Caesalpiniaceae which is found in different regions of Brazil. The plant contains chemical compounds such as phytosterols, which reduce the time of the inflammatory response, pro-vitamin A, vitamin E and fatty acids that act on collagen formation Sousa et al., 2007) . Therefore, the study of the effect of this plant on wound healing in diabetic rats is important since reports in the literature are sparse.
In Raman spectra, the main vibrational bands related to the wound healing process are those corresponding to the presence of collagen-forming protein (Kozielski et al., 2011; Lieber et al., 2008) . Collagen spectral bands are found at the following positions: 1,730-1,740 collagen III; 1,654-1,655 amide I (C=O stretching mode of proteins, α-helix conformation)/C=C lipid stretch; 1,450-1,500 stretching (CH 2 )-lipids, glycosaminoglycans, metalloproteinases, collagens and residues, and 1,245-1,345 amide IIIcollagen.
The results of linear discriminant analysis showed significant differences between groups and between the time points studied. The highest percentage of discrimination of the data was observed at 14 days. The dendrogram showed similar wound healing in diabetic rats treated with the plant emulsion and healthy control animals at this time point, grouping them in the same branch. These results agree with the literature since higher collagen fiber formation is observed in normal individuals during the proliferative phase at about 14 days after injury (Ebaid et al., 2011; Honório-França et al., 2008; Ponrasu and Suguna, 2012) . Taken together, the results suggest that application of an oil-water emulsion of Cenostigma macrophyllum seeds accelerates the healing of diabetic wounds, increasing the percent volume fraction of collagen fibers.
Few studies have investigated the effect of Cenostigma macrophyllum Tul. on tissue repair. Coelho et al. (2013) evaluated wound healing in diabetic rats using the same plant and observed a reduction in the inflammatory process after 7 days, as demonstrated by the quantitative analysis of inflammatory cells and of nitric oxide, an important chemical mediator of inflammation. The authors also reported an increase in collagen fiber formation after 14 days. Figure 6 shows a predominance of amide III, a structure related to the precursor molecule of collagen, procollagen, in its nonfunctional form, indicating an early stage of tissue repair (Zhang et al., 2011) . On the other hand, a predominance of amide I would indicate the presence of functional collagen, especially collagens, I, III, IV, V, and VII which are associated with different tissue functions such as the formation of loose collagen fibers (superficial dermis), dense collagen fibers (deep dermis), and basement membrane which connects the epidermis to the dermis. This figure shows the ratio between amide I and amide III bands, with the band centered at 1 indicating equal amounts of procollagen and collagen. The arrows in the figure help understand the trend of points, i.e., ratios higher than 1 indicate a relative increase in functional collagen, whereas a ratio less than 1 indicates an increase in procollagen. Therefore, the study of the process of wound healing in diabetes involves the understanding of the structures and biochemical components of collagen, a protein that plays an important role in biological tissues (Kim et al., 2000; Oliveira et al., 2012) .
A higher mean value of functional collagen was observed in the control group after 7 days when compared to specimens of the diabetic groups, indicating that wound healing tends to progress as observed in animals of the control group. However, a strong trend towards an increase in procollagen was observed in group D until 14 days, remaining practically constant until 28 days. These results suggest possible difficulties in the synthesis of functional collagen molecules. On the other hand, specimens of group P14 exhibited an increase in the amount of functional collagen, suggesting that the active ingredients of the plant are effective in wound healing, accelerating the synthesis of this molecule. Overall, the Cenostigma macrophyllum Tul. extract showed a significant influence on the healing of experimental wounds, increasing the deposition of collagen fibers, as demonstrated by histomorphometric analysis and by the area ratio of amide I to amide III regions in the Raman spectra. In addition, diabetic rats treated with this extract exhibited collagen formation at 14 days that was similar to that seen in healthy animals. This promising result demonstrates the local action of the extract and points to future use for topical wound treatment.
